The targeting of the sole cyclin D1 is not adequate for mantle cell lymphoma and myeloma therapies
Mantle cell lymphoma (MCL) and multiple myeloma (MM) are aggressive hemopathies characterized by the presence of the cyclin D1 protein in 100% and 50% of the cases, respectively. The presence of cyclin D1, which is not expressed along the B-cell lineage, is causal in MCL and MM pathogenesis. It is generally admitted that the misexpression of cyclin D1 leads to uncontrolled cell proliferation. In turn, the selective suppression of cyclin D1 in MCL and MM has been envisaged as a therapeutic strategy. In a recent paper, Klier et al. reported that lentiviral shRNA-mediated downregulation of cyclin D1 in MCL cells led only to a moderate decrease of cell proliferation and had no effects on cell survival. 1 This was likely due to a compensatory effect of cyclin D2 which was, in turn, up-regulated. We extend these observations by showing that: (i) such as in MCL cells, the stable downregulation of cyclin D1 impacts slightly on proliferation and not survival of multiple MM cells; (ii) does not amplify the apoptotic response towards bortezomib of MCL and MM cells.
To understand the role of cyclin D1 in MCL and MM pathologies, we established stable JeKo-1 (MCL) and U266 (MM)-derived cell lines in which CCND1 was down-regulated by SureSilencing™ plasmids. Silencing of CCND1 was controlled by real time RT-PCR (Table 1) . At the protein level, compared with the parental cell line (p), U266 D1-B10 and -C9 showed a downregulation of 15% and 50%, respectively; JeKo-1 D1-E4 and -G9 showed a downregulation of 48% and 20%, respectively ( Figure 1A ). No differences were seen in the two cell lines obtained after transfection of a scrambled shRNA (U266 D1+E8, JeKo-1 D1+G10). Proliferation curves of U266, JeKo-1 and derivatives were obtained after plating and counting cells during a one week period. The results obtained for JeKo-1 MCL line and derivatives were similar to those obtained by Klier et al. and are not described here. 1 The downregulation of cyclin D1 in U266-derived cells had a modest but reproducible and statistically sig- Figure 1B) . From the proliferation curves we calculated a decrease of -25% and -35% for U266 D1-B10 and -C9, respectively, of total viable cells at the end of the culture. Importantly, the decrease in cell number correlated with cyclin D1 protein level reduction. Analysis of cell cycle distribution after PIstaining of exponentially growing cells indicated an increase in the percentage of cells within the G0/G1 fraction and a concomitant decrease within the S fraction in U266 (+14%/-7% for U266 D1-C9, +10%/-10% for -B10, Table 2 ) and JeKo-1-derivatives (data not shown) compared with parental cells. Those experiments also confirmed the absence of apoptotic cells in the cultures. Altogether, our data indicate that the knockdown of cyclin D1 slows down cell proliferation of MM and MCL cells by impairing G1 to S phase transition in agreement with the known function of cyclin D1. However, the effects of cyclin D1 knockdown are only modest. Since cyclin D2 is the only cyclin D-type expressed in mature B-cells 2 and cyclin D2 can compensate cyclin D1 in vivo, 3 we looked at the expression of cyclin D2 in U266 and derivatives. We observed an upregulation of cyclin D2 in U226-derivatives correlating with cyclin D1 downregulation ( Figure 1C ). We concluded that the slight effect of cyclin D1 extinction on cell proliferation and the absence of effect on cell survival is due to a compensatory effect of cyclin D2. Finally, since cyclin D1 downregulation could sensitize cells to apoptotic inducers, we analyzed the response of U266-and JeKo-1-derivatives treated with bortezomib, known to induce apoptosis in both MCL and MM cells. 4, 5 Bortezomib had a similar cytotoxic effect on cells independently of cyclin D1 level ( Figure  1D ).
Together with data reported by Klier et al., 1 our findings question the relevance of specific cyclin D1 targeting in MM and MCL hemopathies. Since in these two hemopathies, the knockdown of cyclin D1 is compensated by the upregulation of cyclin D2, a more powerful strategy would be to inhibit both cyclin D1 and cyclin D2. This was achieved recently in MM cells by the plant cytokinin kinetin riboside. 6 Indeed, kinetin riboside causes cell cycle arrest of primary myeloma cells and tumor lines and tumor cells selective apoptosis, in vitro and in vivo. However, in MCL cell lines, the double knockdown of cyclins D1 and D2 had no synergistic effect.
1 A more powerful alternative strategy for MM and MCL pathologies would be to specifically inhibit cyclin-dependent kinase 4 or 6, the catalytic partners of both cyclins D1 and D2. 
